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0 /\n electric element comprising a v<:onjugated 
system maaomolecute having a property that its 
conducriv.^y is varied by the excitation due to the 
polar of a dielectric and a fenroelectric pro- 
. the macromolecule. The electric element 
^nction of controlling the conductivity of the 
-•conjugated system macromolecule tyy applying an 
electric field to the f6nt>electric substance. The elec- 
tric element is used as a relay element, storage 
element switching element or the like. 
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" ^ imiMtion relates to an electric 

^ert and a ,„acromotecular m»- 

ed by polariofloo oijnww^ 

Bad^tound Art 

TTL Mtort Transistor (abbreviated as FET) 

^ an eledri<H»r^ 

eLSri responsive 
^j„cttvity-coiTtio«ed ^gg^J can- 

ductwity a an oig»«.^^ at al. m J- Appt 
polymer ^'^'^ ^ structure as 
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^ M«sn\ 14 and the metal etedrode 

<9«**> , ^ «-,fher coiwenfional polymer 
An «^JL^J^ conduction In 

Awlusls. 16 (1988). 120-12^ FHT type dMce 

At any rate, a «»^r^^Ttt. flat.. 
^ control po^^teto to be ^Hed^ ^ ^ 

as a relay element 



Oj^w of «« invention 




^""^ '^^H^^JJS ^conductor 11 Is 
u,e that a c*'*»***^2Jj!i5tentia^ which Is neg- 
0, P^. V-h^V " «^^'^e (source) 12 
a«ve with f^spert to a 

^ applied to ^ 'je'^STS. *e interface be- 
polarizaJion an insulator layer 

tween the sa«»'~"''"?* "^^sitlve holes on the 
,5 to cause accumulation of ^sm^^ 

semiconductor ^'^^•^"rme^ electrode 13. 
potential is applied to the gate me^ polarization 

'caudng sSmiconduc 
charges on '"^'^'^Ceby said negative 

" "ISt p^Sv" hoi^s in thl P-type ^ 
charges and tt« ^ a deple- 

^be increasingly accu- 
tion region. B«*XJductor surface as the posi- 
^uteted on the ^"^^^an "n^«v«'«on layer" 
.Ave potential .ncre«es. a^Jntlal gradient should 
«i« finally be fom»ed. ^.'^^^^^ positive 
appear 3H«9«»jej™^^3^^ 

layer will be *^ans«rr»» ^^^^^ 
the passage (channel) ^mugh wh.*^ ^ 

travel will "^^^^^"Z^Z of the channel. 
^rr^e^S^^^carr^rsbetweena^^ 



a .-conjugated '^'^'!rlcontugaled macro- 
l^ual mole«.tes d. ^^^^^ ^ axcWng 
„«tecular material the exDtedOT^ 

„ i»llvidual hC^'arizatlon of a 

ferroelectnc '^atonal, ana element..- 

present im«ntion ^ ^^^^ ^^^S^ con- 

which is capable "J "^SneToperaflng prin- 
30 duciivity according to a totally ne* ope««. 

^^oatt^n^^^obl^of^^PJ^tSSS 

3, ss:rSrr"Xtod ^ , 

molecular material. ^ of the I 

More specifically. theeieCTi ^^j,,^ ^ 

present lm«nllon ^ ^T^^^ vri** 
"SSSliln cJmIc contact and 
« at least two eloctrodM a«^^^ ^y being put 
can decrease in electnc ^duetojf^y ^ ^ 

in me excited states by ^^^S^^fermeleclric 
'Notarization of -^^'^I'^'^r^^m^ 
material disposed close '^""^r applyi«« an 

•"^^riher. me e^c -du.^ 

so log an ^f^J^ ^ * polarization therein 
ferroelectric matenjt te^se JO te^lar 
whereby said «^J*«*fVtes (exited) and then 
toHal is put •V'^t^^Sr^aS^'* 
pennitting sad '•<»5^f correspond- 
55 terial to vary in electoc ^^^"^ MiA so 
mgly with the strength of said eieco 

""'"^er description of the Invention is given 
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The «-GonJugated maoomolecular material re* 
ferred to herein comprises a polymer In which 
bonds formed by overlap of the ^electron ortHs of 
adjacent atoms in polymer main chain are evenly s 
distributed along the polymer main chain. The «- 
conjugated macromotecular material actually used 
Is electrically neutral, containing substantially nei- 
ther electronKlonating dopants such as Ma and K 
nor electron-accepting dopants such as kxfine and 10 
PF%. A very small amount of the above dopants 
may be contained so far as their presence causes 
substantially no alteration of the v^conjugated 
macromolecular material in nature. If the «-con- 
jugated macromolecular material contains ttie dop- is 
ants as is the case with such material produced by 
electrolytic polymerization, these dopants may be 
eliminated from said macromolecular material ac- 
cording to the ordinary process since the macro- 
molecular material used herein is electrically neu- 20 
trai. 

The ^-conjugated macromolecular materials 
appropriate for use in the electric conductivity- • 
controlled element of the present invention are 
include poly«p-phenylenevtnylene; poly 2. 5- 26 
thienylene vinylene; poty 2, 5-dimethoxy-p- 
phenylenevinylene; polyacetytene; polypyrrole; 
polyaniBne; polythlophene; • poly-pararphenylene; 
their derivatives: and the like. As a matter of 
course, two or more of these materials may be 30 
mixed for use. 

For the purpose of the present inverttion, «- 
conjugated macromolecular materials which have 
been oriented, may preferably be used. The ori- 
entation can be perfonmed according to well known 35 
processes such as stretching. Significant effects 
may be caused by stretching at least 0.5 times, 
preferably at least 1 time. 

The ferroelectric material used herein is a class 
of the dielectric substances. The polarization states 40 
or degrees of some of the dielectric materials de- 
pend on their histories. And those dielectric materi- 
als exhibit unique properties such as spontaneous 
polarization even in the absence of any electric 
fields applied. Said group of the dielectric materials 45 
have characteristics very similar to those of fer- 
romagnetics in many respects (although, of course, 
distinguishable from ferromagnetics), and are 
called "ferroelectric materials". 

Ferroelectric materials may. In terms of chemi- 50 
cal composittons and structures, be classified into 
the following four Groups: a) Groups of tartaric add 
salts or tartrates; b) Group of phosphoric acid salts; 
c) Group of oxygen octahedrons: and d) Group of 
the others. 59 

Typical of ferroelectric materials belonging to 
Group (a) are Roschel salt or potassium sodium 
tartrate (NaK(C4H406)MH20). Other ferroelectric 



materials of Group (a) are. for example. U} 
(C4Hi0i)*4H2O: NaNH4(CiH406)*4H20: NaRI 
(C4H40s)*4H20: and NaTl(C4H40c)*4H20. 

Ferroelectric materials belonging to Group 9 
are typically represented by potassium phosphal 
(KH2P0«). Other examples are NH«HaPO 
KH2ASO1: and RbHaPO*. 

Fenroetectric materials belonging to (aroup (< 
ara typically represented by barium titanal 
(BaTiOa). Other examples are cadmiu 
pyroniobalB (CdaNbiOzy; lead metaniobal 
(PbNbaOc) and tungsten trioxide (W0«). In each < 
tfiese materials an octahedron is formed by end 
cling a single, small, easily polarizable km (Ti^^ i 
case of barium titanate) with six oxygen km 0>~. 

The other fenroetectric materials betor>ging t 
Group (d) are, for instances, guankfine aluminiui 
sulfate hexahydrata (NHC(NH2)2AlH(SOi)2*6H20 
glycine sulfate ((CHzNHaCOOH)! H2SO4); an 
thiourea SC^NHah. 

Fsnroelectric materials usable herein further ii 
etude Inorganic materials such as potassiui 
dihydrogen phosphate, barium titanate, lea 
titanate, lead niobata, lithium tantalate arxJ pota: 
slum sodium tartrate, or organic materials such a 
pdyacrylonitrile, polyvinyl ateohd, polyethylene o) 
ide, cellulose, polyvinyl fluoride their derivathre 
and the like. Two or mora of these fenroelectrl 
materials may be mixed for use. 

In the present invention it is important to dii 
pose the ferroelectric material so ck)se to the 1 
conjugated maaomolecular material that the p( 
larization indudad in the ferroelectric material ma 
change the electronk: condition of the ^-conjugate 
macromolecular material. 

The term "electric polarization" used herei 
means electric polarizatton of a dielectric sut 
stance (insulator), which may be called "dielectri 
polarization". Although electric polarization of sue 
a material depends for its classification on th 
electrical structure of the material, it can be cla2 
sified into "electronic polarization*, "k^nic polarize 
tion". and "orientation polarization" in tenms c 
mechanism. Bectronic polarization is referred to a 
electric polarization caused t>y a change in distribt 
tion of electrons in atoms or molecules under a 
electric tiekJ. Ionic polarization is referred to a 
electric polarization caused by Ions among dielec 
trie polarizations of ton crystals. This kxtto polartza 
tion is caused by displacements of positive ant 
negative ions from their equilibrations In opposit 
directions in an ionk: crystal when an electric fleH 
is applied to the ionic crystal. Also, modifk:ation c 
electron cloud witinin \he core of an Ion contribute 
to tiie polarization. Finally, orientation polarization h 
referred to as electric polarization caused by thi 
distribution of orientations of permanent dipoles ii 
a substance composed of molecules having tht 
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-* t««nHon. ftere may be used 
to tt« present ''T*^.te!Leeto^ 

^ and Texampte. by 

■nw wn film may i„ , Citable 

*^ I,.^In«to»lar film w«h *• ^ 
the .^onlugaled "^TSTI "e*^ voteHlte- 

rJ!^JjTaybedl8soh«dlna 

P**"^^leSc and -^luQated 
B^K«rtzed **SSrmay be mixed togelher. 
macmmolecutar m«rt»rtj» may ~ 
and the mbctum may be tajmed to ajn^ ^ 

a thm film may '>^J^.XT^i^^ 
^ ienoetectric ^J^J^ tenoeleOric 
^tecular film or *^^*'^„^,ar film. No 
to a •^'"SfSv l^STls essertfial 

^ ^TJSJ^a^um vessel m for- 
3S the dry mej«» i^aj^ i„ depends 
„,ing the film. The <l«9^^^^a„y employed, 
on a P«rtfc"^'*^J^Sl^arr«lvantage of 
^li^Xr^eftects on film 
paying '^^^"^^J'Z^ ca"^ *• 
P"^"*** ^ "^^^S! the fom^er may be 
wet method, and ^WfJ^Lent required for the 

compared with jevj^injth^^ ^^^^.^ 

^P'^^.^^S). soWert casting 
Btogetle '"s^'^^S^I^iT^ittK^ The Lang- 
and «'«*^^;^,^rSowlng an al- 
^,er Brnle* rt^J ^^SSx^g^oup such as 

floating ""^^^ ""Sm'nfelSJ'comprises dissolv- 
,ng a selected m^ena^ in a 

:SirtotSrafiHncoa.*"9 on the substrate. 



. -««Doraaon on the substrate, 

to addWon to the •^'TT"^^ on mer- 

^'''P**^ -T!^ (10-* to lOr' Torr). there 
Srri^e^UC-^na^.^*''^"^' 

"'^!!;JS, ?SSed material and control, 
prises evaporaUno a ^"T^,^ deposited m» 

teriai layers («"*"*^T7an uttr»»»ltfh vacuir. 
angstrom) on a sulwl«te «n «» 
vessel (lir» to icr" Ton^ ^ ^ 

^ese ^""^^^^Z^A mated 

methods requw «'^s^7Sirials «««'. 
ate to be eyrappratect Se*nem 

be easily ^»^y*J^^^t^«rt^ * 
these methods and. by the use r 1 

ludible materials can tX|lanUn*d 

a s«^ sputtering -"^"^ J^^teed b 

^ gas (such ^JSrisS^«» «««^*^ 
electron beam « ^^Sd^Sd^^erial to sputt* 
the surface of a f^^^^g^ed surface mt 
the surface matenal and *o spw^ 
terlal Is then laminated on a s"^" 
Necessary films may be -fonnea by 

described abov«. ^ » 

shovm comprises a «*^,!^5Je. substrate 
substance such ^^l^"^ and outp 
provided on one ade 7a ynm w 
'metal electrodes and furt^. 

input and output metal ^^"^IJ^ ^as fer. 
conjugated m ^ 

electric substance mixed therewith, oui 
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iugaled macromolecules make up a continuous 
phase at least between the input and output elec- 
trodes 1 and 2. thus permitting electrons to travel 
between these electrodes. 

The substrate Is provided on the other side 7b 
with a first control electrode 3 such as gold coating 
on the other surface 7b. 

A dielectric fi\m 5 such as polyethylene film Is 
provided on said v-conjugatsd macromolecular 
coaling 4 mixed with the ferroelectric material A 
second control electrode 6 such as gold coating is 
provided on the dielectric film 5. The plane In 
which the metal electrodes 1 and 2 are laid is 
sandwiched in between the first and second control 
metal electrodes 3 and ft 

The electric element constructed as mentioned 
above functions as follows: 

When an electric field whose strength is not so 
high as to cause dielectric breakdown Isetween the 
first and second electrodes 3 and 6. Is appled to 
between these electrodes, the ferroelectric sub- 
stance of the ferroelectric-and-ir-conjugated macro- 
molecular mixture film 4 will be polarized, thus 
causing the v-con]ugated macromolecules in the 
dose proximity of the polarized ferroelectric sub- 
stance to be excited. It is generally known that the 
conductivity of the ^-conjugated macromolecular 
-TnaterTaf^angeariront-^1(r*-to lO"' S^cm"' or 
below when the material is electrically neutral and 
that the conducthffty of the T-conJugated macro- 
molecular material in its excited state will Increase 
to at least 10^ times that of an electrically neutral 
one. In the present invention, the «-coniugated 
macromolecules are, of course, not particularly 
limited in degree of variation in their conductivity, 
and the degree of variation may be such that tiie 
macromolecules are usable as a material for the 
electric element It however, suffices that the con- 
ductivity of the TT-conjugated macromolecular ma- 
terial in ti-? /'sctric conductivity-controlled element 
Increa;'.'' - o to 10^ times that of the neutral one 
whfi- is cited state. 

agree of excitation of ttie w-conjugated 
r.oiecular material can be determined, for 
.'ince, in terms of tiie conductivity of ttie ma* 
terial. it is realized that the conductivity of tiie 
fen-oelectric-and-n-conjugated macromolecular mix- 
ture film 4 t)etween the input and output electrodes 
1 and 2 changes greately depending on whettier an 
electric field Is applied to between tiie. control elec- 
trodes 3 and 6. This permits tiie conductivity of an 
electric conductivity-controlled element to be con- 
trolled according to tiie new principle. 

The electrte element of tiie present invention is 
applied between ttie control electrodes 3 and 6 and 
is different in manner of control from a conventional 
FET (field effect transistor) in which a voltage is 
appfied to between tiie reference or source elec- 



trode 12 (corr es ponding to eittier tiie electrode 1 or 
2) and the control or gate electrode 13 
(corresponding to tiie control electrode 3 or 8) as 
shown in Rg.2. 
5 The electric conductivity-controlled element of 
the present Invention is capable of functioning as a 
memory In which its maximum and minimum con- 
ductivities represent binaries *1* and '0* respec- 
tively. The resistivity of ttie mbdure film of tiie 
TO electric conductivity-controlling element can be 
changed in response to the variation in strength of 
an electric fiekl applied, and, titerefore, it can form 
an inverter and a lo^ circuit Also, it can be used 
as a switching element 
rs The electrodes 3, 6 and electrodes 1. 2 are 
electrically functional independentiy of. and sepa- 
rately from, each other, and therefore, the electric 
conductivity-controlled element can be used as a 
relay not only for d.c- signals but also for a.c. 
20 signals. 

In short, application of a.c. or dx. electric field 
across ttie electric conductivity-controlled element 
of the present invention causes electric polarization 
of ttie fenoetectric substance in its fenroelectric- 
25 and-«KX)niugatBd macromolecular mixture film, 
ttiereby pemnitting tiie element to function as a 
switching, memory or a.c. or d.c. relay element 
Advantageously such . an . active element can be 
reduced to a very small size. 
30 Thanks to the use of the new operating princi- 
ple which is totally different from tiie conventional 
field effect transistor, tine electric conductivity-con- 
trolled element' of ttie present invention is structur- 
ally simpler ttian ttie fieM effect transistor, and it 
35 can function as an a.c. relay in addition to switch- 
ing and memory elements the performances oi 
which ttie conventional field effect transistor car 
assume. 

In the electric conductivity-controlled elemenr 
40 of ttie present invention, its electric conductivity 
can be controlled in terms of a single moleculai 
chain In ttie fenroelectric substance, and ttiereforc 
theoretically it can be made up by a single molecu- 
lar chain. This permits a drastic increase of the 
45 degree in which such active elements can be ir> 
tegrated in a given minute space as compared wItt 
a conventional active element 

Brief Description of Drawings 

50 

Fig.l shows schematically tiie structure of ai 
electric element according to one emtxxllment o 
the present invention. 

Rg.2 shows schematically the structure of j 
55 conventional FET using a conductive macro 
molecular materiat 

In Fig.1, input and output electrodes are in 
dicated by 1 and 2; control electrodes are indicate! 
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(example 1) 

to me water sohitloo *f..,^®^!Lt » PPV. the 

»Ued at 200«C for 8 
The fittn so <«^J^L^a«sor was char»ged 
hours in vacuum, and tt« pr««^ 

vacuum under ane^ ^ 

conductivity of *e etecwc^ 
element "^fj^l, ,i^,an therebetween. Thus, 
electric 15: etectilc conductiv»y<or^ 

ot^ to increase 1(P 
trolled element was ou^ 

molecular substance. 



. ihen a onennicron 1W<* 

ttn» formed «m was nea^^^ 
in vacuum to Changs *epre«a^^^ 

v»hereas «he ^ZZiL^ZaA w» ^O"* ^ **" 
« conducth^y-^^o^^^ 

m vacuum when an olocinc ^^^^ 3 and »- 

Thus, the I^wed to Increase 10^ 

cortroBed elemert was observea to 

« *^ ^««ted that appncafion of 'te**^^!! 
It was ^^^'^^^zLun contmaino of 

conductivity o* wconjugaw- 
stance. 

* (Bcampte3) 



(Example 2) 



^ <i-i> solution of a jjolymer 
A^^-^^lT^vSie^nylene (PTV) was 
precursor of ^"^^CZ^ et al, Po»y- 
;,epared as was fi«9ht p^^sium 
^ Commun.. ^ v 
dihydrogen P*»SP*'^ ' i^T/. lepared in the ra- 

^air-and^-^no'^il^^J^iS?^^^ 
tie of 91.58 pe«»rtbywe.9M ^ 



._Go.d-was vacuumKJep^onto | 

c„.„ tt,k* I^Vlene^^bjr^J^ ^ 
3, trodesland2as*«««n^J^«mo^ 

trodes were «^ JfJJT * 2Epoty«>8'»«8«' 
polyethylene substrate ^^^^^^^l^xxo^ and 
S^^ionitrlle solvent "^^jSnTS^- 
2«mett^ ammonium P^;*f^poiypym)le film 

3, Sordino to an ord.^^^-*;Sr^ 
*usfomiedw^dedop«dto^ 

neutral. The dedoped POWV^ add solution h» 

wWch pottasium '««r;^jSte impregnated 
^ amoum d pottasium s<^^ «^ 

in the polypyrrole «m wMM«^ ^jl^rte 

The PoWPVrrole film JP^2^^ about 3 
hydmchlorte 8C«d 50 KVfcm and w« 

time, under an el^ "j" hydrochloric add by 
„ then freed from *e "^^^o^tx^y^m^ 
evacuation to obtain a jreteh^^ 

A oneMnicron powewy 
as an. '"f'^^'^Ta^;^ deposition. F^^^^ 
Dolvpyffo*® ^ electrodes 3 and o 

ao ... was applied to 

Sy vacuum deposition as 9 ^y^^ty. 

The conductivity of an «»cmc ^^^.^ 
contrdled element *"S 0^^^^ appHed ta 
,„ vacuum «h«nj««^^ whereas the con- 
,3 t^««"'^«;J2^ccoSK.ivity-controll^ 
ductivity of *« awfj^.f' 50 volts were ap- 

n,ent was 10- ^ ^^Z^ 6- 
plied to between eledmdes 3 an 
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conductivity of the electric conductivity- controlled 
eleirant was observed to increase 1(P times: 

It was revealed that application of an efectrfc 
field of controlled strength permits controlling of 
the conductivity of the v-conjugated macro- 5 
molecular sulistanoe. 

Possible Industrial Applications of the invention 

The method of the present Invention uses a to 
totally new operating principle, and an electric ele- 
ment using such operating principle can be used 
as a memory element, a switching elemeni a^ 
and d.c. relay elements and the Dke. 

95 

Oalms 

1. An electric element characterized in that it 
comprises: 

a w-conjugated macromolecular material 20 
which is liable to increase its conductiv'rty 
when it is put in exdted state by polarization of 
a (fielectric substance; 

a fen'oelectric material disposed close to 
said ^-conjugated macromolecular material; 25 

a pair of input and output electrodes dis- 
posed at the opposite endls of said v-con- 
jugaied'macromblecuiai m^ their 
respective ohmlc-contacts therewith; and 

a pair of control electrodes disposed so as 30 
to sandwich said ir-conjugated macromolecular 
material in the direction perpendicular to the 
direction in which said input and output elec- 
trodes are laid, whereby application of an elec- 
tric field between said control electrodes 35 
changes the conductivity of said electric ele- 
ment between said input and output electrodes 
con-espondingly with the voltage so applied to 
therebetween. 

40 

Z An electric element according to claim 1 
wherein said v-conjugated macromolecular 
material is an oriented one. 



conjugated macromolecular material, which 
material is iiat)le to Increase ib conductivity 
when put in its excited state bf polarization of 
a dielectric sutistance. characterized in that it 
comprises: 

disposing a ferroelectric material so close 
to said «*conjugalBd macromolecular material 
that polarization of said ferroelectric material 
may cause exdtation of said v-conlugated 
macromolecular material; and 

applying an electric field of controlled 
strength to said ferroelectric material to cause 
polarization of said fenroelectric material, ther^ 
by putting said v-conjugated macromolecular 
material In its exdted state and permitting the 
conductivity of said v-conjugated macro- 
molecular material to change correspondingty 
with the strength of said electric field. 

6. A method of controlling the conductivity of a «^ 
conjugated macromolecular material according 
to claim 5 wherein said v-conjugated macro- 
molecular material Is an oriented one. 



TO 



15 



a. An electric element according to claim 1 45 
wherein said ferroelectric material is disposed 
close to said w-conjugated macromolecular 
material by mixing said lerroelectric material 
wiU) the v-conjugated macromolecular mate- 
rial. 50 

4, An electric element according to any of claims 
1, 2 and 3 wherein it further comprises a 
dielectric film to separate each of said control 
electrodes from said w-conjugated macro- ss 
molecular material. 



5w A method of controlling the conductivity of a 
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Oalo of IIM AcbHl CooipMMi ol tho iBUvoottofiol Soorcft 

March 25, 1991 (25. 03. 91) 



Date ol UaiOnv of thio IntomctlOiMa ^•uzh Ropoit 

April 1, 1991 (01. 04. 91) 
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Japanese Patent Office 



SlOME&m of Aumeiliod OfBcor 



m PCfTyBA/||0(»oeond ihoot) ( Jomitfy 



S^TAVAJUBlfcOPy 



\ 




THIS PAGE BLANK «mo) 



